In this paper, we present three new expansion formulas for the generalized Hurwitz-Lerch zeta function. These expansions are obtained by using Taylor-like expansions involving fractional derivatives. Finally, interesting special cases involving the Apostol-Bernoulli polynomials and the Apostol-Euler polynomials are also given. MSC: 26A33; 11M35; 33C05; 11B68
Introduction
It is well known that the generalized Hurwitz-Lerch zeta function as well as its extended version have many applications in various areas of mathematics and physics. In number theory, the Riemann 
Clearly, we have the following relations:
The Hurwitz-Lerch zeta function has the well-known integral representation
Recently, Lin and Srivastava [] investigated a more general family of Hurwitz-Lerch zeta functions. Explicitly, they introduced the function
where (λ) κ denotes the Pochhammer symbol defined, in terms of the gamma function, by
It is easily seen that 
Obviously, we see that
This family of Hurwitz-Lerch zeta functions will play an important role in the sequel. The aim of this paper is to make use of three Taylor-like expansions involving fractional derivatives to obtain some relations for the generalized Hurwitz-Lerch zeta function * μ (z, s, a). One of these Taylor-like expansions has been obtained by Osler 
Pochhammer contour integral representation for fractional derivative and a new generalized Leibniz rule
The use of contour of integration in the complex plane provides a very powerful tool in both classical and fractional calculus. The most familiar representation for fractional derivative of order α of
which is valid for Re(α) < , Re(p) >  and where the integration is done along a straight line from  to z in the ξ -plane. By integrating by part m times, we obtain
This allows to modify the restriction Re 
but adopting the Pochhammer-based representation for the fractional derivative, this last restriction becomes p not a negative integer. In view of Definition ., the fractional deriva-http://www.advancesindifferenceequations.com/content/2013/1/361 tive formula for the generalized Hurwitz-Lerch zeta function 
Fractional calculus theorems
In this section, we recall three important theorems related to fractional calculus that will play central roles in this work. These theorems are Taylor 
In particular, if  < c ≤  and θ (z) = (z -z  ), then k =  and the formula (.) reduces to
This last formula is usually called the Taylor 
which are lemniscates of Bernoulli type with center located at (z  + z  )/ and with doubleloops (as seen in Figure ) ; one loop C  (t) leads around the focus point (z  +z  )/+t(z  -z  )/ and the other loop C  (t) encircles the focus point
the principal branch of that function which is continuous and inside C(r), cut by the respective two branch lines L ± defined by
, where α and p are real or complex numbers.
Then, for arbitrary complex numbers μ, ν, γ and for z on
The case  < c ≤  reduces to 
holds true.
As a special case, if we set  < c ≤ , q(z) =  (θ (z) = (z -z  )(z -z  )) and z  =  in (.), we obtain 
